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1 f 2,3,4-Tetrahydro-6-substituted-4-aryl (or heterocyclo)-3-[(substituted amino)carbonyl]-2-thioxo (or 
oxo)-5-pyrimidinecarboxylic acids and esters. 



<g) Cardiovascular activity is exhibited by compounds having 
the formula 




OR- 



and pharmaceutical^ acceptable salts thereof wherein X is 
oxygen or sulfur; 

R is hydrogen, alkyl, cycloalkyi, aryl, or aryialkyl and Ri is 
hydrogen, alkyl, cycloalkyi, aryl, heterocyclo, 



-f-(CH 2 ) n -Y 2 



< CH 2 V Y 3 



or halo 



or halo substituted alkyl, or R and Ri taken together with the 
nitrogen atom to which they are attached are 1-pyrrolidinyl, 



1-piperidinyl, 1-azepinyl, 4-morpholinyl, 4-thiamorpholinyl, 
1 -piperazinyl, 4-alkyl-1-piperazinyl, 4-arylalkyl-1-piperazinyl, 
4-diarylalkyl-1 -piperazinyl or 1-pyrrolidinyl, 1-piperidinyl, or 
1-azeipinyl substituted with alkyl, alkoxy, alkylthio, halo, trifluo- 
romethyl or hydroxy; 

R2 is hydrogen, alkyl, alkenyl, alkynyi, cycloalkyi, aryl, 
-<j:-(CH 2 ) n -Y 1# or halo substituted 

or halo substituted alkyl; 

R3 is hydrogen, alkyl, cycloalkyi, aryl, heterocyclo, 



-?-<CH 2 > 



-V -5 

n Y 2' V 



< CH 2 ) p- Y 3' 



or halo 
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or halo substituted alkyl; 
FU is aryl or heterocyclo; 

R5 and R6 are each independently hydrogen, alkyf, -(Chtejq-aryl 
or -(CH2)q-cycloaIkyI; 

Y1 is cycfoalkyl, aryl, heterocyclo, hydroxy! , aikoxy, aryi- 
(CH2)m-0-, mercapto, alkyithio, aryHCH 2 )m-S-, amino, sub- 
stituted amino, carbamoyl, (substituted amino)-!-, heterocy- 
cIo-(CH 2 ) m -f - carboxyf, alkoxycarbonyl, aikyl-tL, aryi- 



(CH2WC-, alkyl- £ -O- or aryI-(CH 2 ) m -C-0- 

Y 2 is cycloalkyl, aryi, heterocyclo, carbamoyl, (substituted 

amino)- S -, carboxyl, alkoxycarbonyl, aikyi- 1 aryl-(CH 2 ) m - I - 
Q 

or heterocycIo-(CH 2 ) m -c-; 

Y 3 is hydroxyl, aikoxy, aryI-(CH 2 )m-0-, mercapto, alkylthio, 

aryl-(CH 2 )m-S-, alkyl-l-O-, aryf-(CH 2 ) m -{:-0-, amino, or sub- 
stituted amino; 
q is G, 1 T 2 or 3; 
m is 0 or an integer of 1 to 6; 
n is 0 or an integer of 1 to 5; and 
p is an Integer of 1 to 5. 
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Description 

1 ,2,3 ,4-TETR AH YD R 0-6-SU BSTITUTE D-4-AR YL (OR HETEROCYCLO)-3-[ (SUBSTITUTED 
AMINO)CARBONYL]-2-THlOXO (OR OXO)-5-PYRlMIDlNECARBOXYLlC ACiDS AND ESTERS 

Compounds having the formula I 




C-OR. 



and pharmaceutically acceptable salts thereof, are cardiovascular agents, in formula I, and throughout the 
specification, the symbols are as defined below. 
X is oxygen or sulfur; 

R is hydrogen, alkyl, cycloalkyl, aryl, or aryialkyl and Ri is hydrogen, alkyl, cycloalkyl, aryi, heterocycio, 



R 5 R 5 
R. R* 



or 



halo substituted alkyl, or R and Ri taken together with the nitrogen atom to which they are attached are 
1-pyrrolidinyl, 1-piperidinyl, 1-azepinyl, 4-morphoIinyl, 4-thiamorpholinyi, 1-piperazinyl, 4-alkyl-1-piperazinyl, 
4-arylalkyl-1-piperazinyl, 4-diarylalkyl-1-piperazinyl or 1-pyrrolidinyl, 1-piperidinyl, or 1-azeipinyl substituted 
with alkyl, alkoxy, alkylthio, halo, trifluoromethyl or hydroxy; 
R2 is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, 



-f-< CH 2>iT Y l' 
R 6 



or halo substituted alkyl; 

R3 is hydrogen, alkyl, cycloalkyl, aryl, heterocycio, 



R 5 

-c-CCH 2 ) n -y 2 

' R 6 



I 5 

-Y 0 , -6-(CH_) -Y, ( 



or halo substituted alkyl; 
R4 is aryl or heterocycio; 

Rs and R6 are each independently hydrogen, alkyl, -(CH2)q-aryl or -(CHzJq-cycloalkyl; 
Y1 is cycloalkyl, aryl, heterocycio, hydroxyl, alkoxy, aryl-(CH2)m-0~, mercapto, alkylthio, aryi-(CH2)m-S-, amino, 

o o 

substituted amino, carbamoyl, (substituted amino)- c! heterocyclo-(CH2)m- c -, carboxyl, alkoxycarbonyl, 



alkyl 



c- aryl-(CH 2 )m-c-, alkyl- c-O- or aryI-(CH 2 )m-l -0-; 



Y2 is cycloalkyl, aryl, heterocycio, carbamoyl, (substituted amino)- c-, carboxyl, alkoxycarbonyl, alkyl-c-, 
o ' p 

aryl-(CH2)m- c - or heterocyclo-(CH2)m- c -; 

o o^ 

Y3 is hydroxyl, alkoxy, aryl-(CH2)m-0-, mercapto, alkylthio, aryl-(CH2) m -S-, alkyl- c-O-, aryl-(CH2)m- c-O-, 
amino, or substituted amino; 
q is 0, 1, 2 or 3; 
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m is 0 or an integer of 1 to 6; 
n is 0 or an integer of 1 to 5; and 
p is an integer of 1 to 5. 

Listed below are definitions of various terms used to describe the compounds of this invention. These 
definitions apply to the terms as they are used throughout the specification (unless they are otherwise limited 5 
in specific instances) either individually or as part of a larger group. 

The terms "alkyP and "aikoxy" refer to both straight and branched chain groups. Those groups having 1 to 8 
carbon atoms are preferred. 

The term "halo substituted alky!" refers to aikyl groups (as described above) in which one or more 
hydrogens have been replaced by chloro, bromo or fluoro groups. Exemplary groups are trifluoromethyl, 10 
which is preferred, pentafluoroethyl, 2,2,2-trichloroethyl, chloromethyl, bromomethyl, etc. 

The term "aryP refers to phenyl and substituted phenyl. Exemplary substituted phenyl groups are phenyl 
groups substituted with one, two or three aikyl, aikoxy, alkylthio, halo, nitro, cyano, hydroxy, amino, alkylamino, 
dialkylamino, trifluoromethyl, isothiocyanato, isocyanato, or difluoromethoxy groups. 

The terms "alkenyr and "alkynyl" refer to both straight and branched chain groups. Those groups having 2 15 
to 8 carbon atoms are preferred. 

The term "cycloaikyr refers to those groups having 3, 4, 5, 6 or 7 carbon atoms. 

The term "halo" refers to chloro, bromo, fluoro and iodo. 

The term "heterocyclo" refers to fully saturated or unsaturated rings of 5 or 6 atoms containing one or two 
oxygen or sulfur atoms and/or one to four nitrogen atoms provided that the total number of hetero atoms in 20 
the ring is 4 or less. The heterocyclo ring is attached byway of an available carbon atom. Preferred monocyclic 
heterocyclo groups include 2- and 3-thienyi, 2- and 3-furyl, 2- and 3-pyrrolyl, 2-, 3- and 4-pyridyI, 2-, 4- and 
5-imidazoIyl, 2- and 3-pyrrolidinyl, 2-, 3- and 4-piperidinyI, and 2-, 3- and 4-azepinyI. The term heterocyclo also 
includes bicyclic rings wherein the five or six membered ring containing oxygen, sulfur and nitrogen atoms as 
defined above is fused to a benzene ring and the bicyclic ring is attached by way of an available carbon atom in 25 
the benzene ring. Preferred bicyclic heterocyclo groups include 4, 5, 6 or 7-indolyI, 4, 5, 6 or 7-isoindoiyl, 5, 6, 7 
or 8-quinolinyl, 5, 6, 7 or 8-isoquinolinyl, 4, 5, 6 or 7-benzothiazolyl, 4, 5, 6 or 7-benzoxazolyI, 4, 5, 6 or 
7-benzimidazolyl, 4, 5, 6 or 7-benzoxadiazolyl, and 4, 5, 6 or 7-benzofurazanyl. 

The term heterocyclo also includes such monocyclic and bicyclic rings as defined above substituted with 
one, or more, aikyl, arylalkyl, diarylalkyl, alkylthio, aikoxy, halo, nitro, oxo, cyano, hydroxy, amino, alkylamino, 30 
dialkylamino, trifluoromethyl, isocyanato, isothiocyanato or difluoromethoxy groups. 

The term "substituted amino" refers to a group of the formula -NZ1Z2 wherein Zi is hydrogen, aikyl, or 
aryl-(CH 2 )m- and Z 2 is alky! or aryl-(CH 2 )m- or Z1 and Z 2 taken together with the nitrogen atom to which they 
are attached are 1-pyrroIidinyl, 1-piperidinyI, 1-azepinyI, 4-morpholinyI, 4-thiamorpholinyl, 1-piperazinyi, 
4-aIkyl-l-piperazinyl, 4-aryfaJkyi-l-piperazinyI, 4-diarylaikyl-l-piperazinyl, or 1-pyrrolidinyi, 1-piperidinyl, or 35 
1-azepinyl substituted with aikyl, aikoxy, alkylthio, halo, trifluoromethyl or hydroxy. 

Those compounds of formula I wherein FU is heterocyclo, phenyl, or phenyl substituted with one, two or 
three aikyl, halo, nitro, cyano, amino, dialkylamino, trifluoromethyl, isothiocyanato or isocyanato groups are 
novel chemical compounds and as such form an integral part of this invention. 

The compounds of formula I, and the pharmaceutical^ acceptable salts thereof, are cardiovascular agents. 40 
They act as calcium entry blocking vasodilators and are especially useful as antihypertensive agents. Thus, by 
the administration of a composition containing one (or a combination) of the compounds of this invention, the 
blood pressure of a hypertensive mammalian ( e.g. , human) host is reduced. A single dose, or two to four 
divided daily doses, provided on a basis of about 0.1 to 100 milligrams per kilogram of body weight per day, 
preferably from about 1 to about 50 milligrams per kilogram per day, is appropriate to reduce blood pressure. 45 
The substance is preferably administered orally, but parenteral routes such as the subcutaneous, 
intramuscular or intravenous routes can also be employed. 

It is believed that the compounds of this invention, in addition to being useful as hypotensive agents, may 
also be useful as anti-arrhythmic agents, anti-anginal agents, anti-ischemic agents, anti-fibrillatory agents, 
anti-asthmatic agents, and in limiting myocardial infarction. 50 

The compounds of this invention can also be formulated for use as hypotensive agents in combination with a 
diuretic, or a beta-adrenergic agent, or angiotensin converting enzyme inhibitor. Suitable diuretics include the 
thiazide diuretics such as hydrochlorothiazide and bendroflumethiazide, suitable beta-adrenergic agents 
include nadolol, and suitable angiotensin converting enzyme Inhibitors include captopril. 

The compounds of formula I can be formulated for use in the reduction of blood pressure in compositions 55 
such as tablets, capsules or elixirs for oral administration, or in sterile solutions or suspensions for parenteral 
administration. About 10 to 500 milligrams of a compound of formula I is compounded with physiologically 
acceptable vehicle, carrier, excipient, binder, preservative, stabilizer, flavor, etc., in a unit dosage form as 
called for by accepted pharmaceutical practice. The amount of active substance in these compositions or 
preparations is such that a suitable dosage in the range indicated is obtained. 60 

The compounds of formula I wherein X is sulfur can be prepared by reacting a keto ester compound having 
the formula 
If 



3 
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with an S-(phenylmethyl)thiopseudourea having the formula 
III 



15 




20 

or a salt thereof. In formula III, and throughout the specification, Z3 is hydrogen or methoxy. The reaction 
mixture is heated in the presence of sodium acetate to yield a tautomeric mixture of compounds having the 
formulas 
IV 




35 



Reaction of a tautomeric mixture of formula IV with phosgene in the presence of an organic base followed by 
reaction with an amine having the formula 
40 V 

RR1NH , 

provided that neither R nor R1 is hydrogen, yields the corresponding compound having the formula 
VI 




wherein neither R nor R1 is hydrogen. 

Those compounds of formula VI wherein one, or both.of R and R1 is hydrogen can be prepared by reaction 
60 of a tautomeric mixture of formula IV with an isocyanate having the formula 
VII R 1 -N = C = 0 . 

A compound of formula VI wherein Z3 is hydrogen can be converted to the corresponding product of 
formula I wherein X is sulfur by treatment with bromotrimethyisilane. A compound of formula VI wherein Z3 is 
methoxy can be converted to the corresponding product of formula I wherein X is sulfur by treatment with 
65 trifluoroacetic acid and ethanethioi. 



4 
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Compounds of formula IV may be prepared in nonracemic form by the reaction of a compound of formula IV 
with phosgene and a nonracemic alcohol (FT-OH) to obtain a compound having the formula 

viir 




10 



wherein R* is the residue of a chirai alcohol. 

Treatment of a compound of formula VIII with bromotrimethylsilane (when Z3 is hydrogen) or with 
trifluoroacetic acid and ethanethiol (when Z3 is methoxy) yields the corresponding compound having the 
formula 
IX 



15 



R*-0-C-N 




20 



25 



The diastereomers of the compounds of formula VIII and IX can be separated by crystallization or 
chromatography. 

Treatment of the purified diastereomers of a compound of formula IX with sodium methoxide, followed by 
p-methoxybenzyl chloride gives the corresponding compound of formula IV in nonracemic form, and these 
nonracemic compounds can be reacted as described above to obtain nonracemic products of formula I 
wherein X is sulfur. 

The compounds of formula I wherein X is oxygen can be prepared by heating a keto ester of formula II with 
O-methylpseudourea 



J^2 



(CH3.O-C 

NH 



30 



35 



40 



or a salt thereof, in the presence of sodium acetate or sodium bicarbonate to yield a tautomeric mixture of 45 

compounds having the formulas 

X 



X 4 n 

N-^\. C-OR- 

/ N \ 



CE 3 -0 H 




50 



55 



Reaction of a tautomeric mixture of formula X with phosgene in the presence of an organic base followed by 60 
reaction with an amine of formula V (R and R1 have their broadest meanings) yields the corresponding 
compound having the formula 
XI 
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10 



15 



20 



25 




-OR. 



Alternatively, those compounds of formula XI wherein R is hydrogen can be prepared by reaction of a 

*X£E^ of formula X can be reacted with p-nitropheny.chloroformate in the 

presence of an organic base to yield a compound having the formula 

XII 



C-OR. 




30 



35 



40 



45 



50 



55 



60 



Treatment of a compound of formula XII with an acid, followed by reaction with , an amine of formula V (R and Rt 

aC T d ho S e oroducts of formula I (including resolved enantiomers thereof) wherein X is sulfur can alternatively be 
"SfSXS 3SSJffiS3.?Si. or .0* group rorm .old - ^-»« ■ 
precipitates. 

Preferred compounds of this invention are those wherein: 



6 
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The following examples are specific embodiments of this invention. Pneny ' emy '- 
Example t 

A) S-(4-Methoxybenzy!}thiopseudourea, hydrochloride 

ana 1 355^2^^ SlToxXe^^^^ ff^ "~ C00,ed t0 °° C ^ "*» 

completed, the cooling bath was reI!SS?S?? ^ ( 9 ;, 500 mm ° le) - After the additfon wa * 
hours. It was then 1^ T ? * ^ «* * 

Found: C, 46.48; H, 5.64; N, 12.25; S, 13.74; CI, 15.31 
mlthyl^ 

d^^ -or (5.0 g 0.02 mole) in 20 « of 

was washed with w^ter See)' 2 n , * *T am ° Unt ° f S ° Ms Were filtered - ^ e 

Found: C, 58.86; H, 4.82; N, 9.51 ; S, 7.25 ' "•°3> S, 7.50 



mS^ 

ethyl isocyanate (0 5 ml 045 a es ^Sj^nf ^I ^ * r °° m tem t»«ture was treated with 
Examination of the reacfion' mixSire usZ ml SrT^f P 0 ^" 1 " «*onate (50 mg, 0.36 mmole). 
showed a new spot a SiScSS ^ chromatography (tic) (dichloromethane/methanol. 95:5) 

and the residue was JuS^lS^tiS^SS^K' t0 -rK h ° UrS - V ° ,ati,eS ^ eVap ° rated in Vacuo 
1 N hydrochloric acid ; water id ^SSS!ffi^S?JS T ^ ° r9anfc fra ° tion ^ WB8hed ""^ 

temperature was tree £S S^rifc aSd K?S nV^"" dic , h ' orome « 1ane under argon at room 
4.67 mmole, and the r^Z^^^S^^Sj^T^ w^ 0 ' ^ 029 9 ' 
upon trituration with isopropyl sftMr^mTosg tw» were removed hi vacuo and the residue 

Analysis Calc'd. for Ci 6 H«n!o 5 s' compound, melting point 244-246°C. 

C, 50.79; H, 4.79; N, 14.81; S 8 47 
Found: C, 50.82; H, 4.86; N, 14.54; S, 8.54 

Example 2 



75 



30 



55 



55 



40 



45 



50 



55 



60 



65 



7 
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A) 1,4-Dihydro-2-methoxy-6-methyl-4-(3-nitrophenyi)-5-pyrimidinecarboxylic acid, 1-methylethyl ester 

A reaction mixture containing 2-[(3-nitrophenyI)methylene]-3-oxobutanoic acid, 1-methylethyl ester (10.0 g, 
36.0 mmol), sodium bicarbonate (8.40 g, 108 mmol), and O-methylpseudourea hydrogen sulfate (8.06 g, 46.8 
mmol) in dimethylformamide (54 ml) was heated at 60° C under argon for about 2V2 days. The reaction mixture 
5 was diluted with water and extracted with ethyl acetate. The organic phase was washed with water (six times) 
and saturated sodium chloride, dried (potassium carbonate) and evaporated. The residue was passed through 
a short pad of silica gel and crystallized from isopropyl ether/hexanes to give the title compound as yellow 
crystals (8.04 g). 

10 B) ^[(DimethylaminoJcarbonyn-l^-dihydro^-methoxy^-methyl-e-lS-nitrophenyO-S-pyrimidinecarboxylic 
acid, 1-methylethyl ester 

A solution of l^-dihydro^-methoxy-e-methyl^-JS-nitrophenyO-S-pyrimidinecarboxylic acid, 1-methylethyl 
ester (3.34 g, 10.0 mmol) and distilled triethyiamine (6.3 ml, 45 mmol) in dichloromethane (10 ml) in an ice bath 
under argon was treated dropwise via syringe with 1.3 M phosgene in benzene solution (9.2 ml, 12 mmol) 
15 over 3 to 5 minutes. After stirring at 0°C for 1.5 hours, the reaction mixture was treated with 40% aqueous 
dimethylamine (3.3 ml, 15 mmol), capped with a septum, and stirred at room temperature for about 2V2 days. 
The reaction was then evaporated and partitioned between ethyl acetate and water. The organic phase was 
washed with saturated sodium chloride, dried (potassium carbonate), and evaporated to give the title 
compound (crude) as a brown oil (4.75 g). 

20 

C) 3-[(Dimethylamino)carbonyi]-1,2,3,4-tetrahydro 
acid, 1-methylethyl ester 

A solution of crude 1-[(dimethylamino)-carbonyl]-1,6-dihydro-2-methoxy-4-methyl-6-(3-nitrophenyl)-5-pyri- 
midinecarboxylic acid, 1-methylethyl ester (2.27 g), in tetrahydrofuran/ methanol (20 ml each) was treated with 

25 5N hydrochloric acid (3.0 ml, pHI) and stirred at room temperature for 1.0 hour. The reaction was then 
evaporated and partitioned between ethyl acetate and water. The organic phase was washed with saturated 
sodium chloride, dried (magnesium sulfate), and evaporated. The residue was crystallized from 
dichloromethane/isopropyl ether to give the title compound as colorless crystals (1.55 g), melting point 
165-166°C. 

30 Analysis Calc'd. for C18H22N4O6: 
C, 55.38; H, 5.68; N, 14.35 
Found: C, 55.44; H, 5.70; N, 14.27 

Example 3 

35 

3-[(Dimethylamino)carbonyl]-1,2,3,4-tetrahydro-6-methyI-4-(3-nitrophenyl)-2-thioxo-5-pyrimidinecarboxylic 
acid, ethyl ester 

A) 1 1 4-Dihydro-2-[[(4-methoxyphenyl)methyl]thio]-6-methyi-4-(3-nitrophenyI)-5-pyrimidinecarboxylic acid, 
40 ethyl ester 

A mixture of 13.58 g of 2-(3-nitrophenyl) -methylene] -3-oxobutanoic acid, ethyl ester, 12.0 g of 
S-[(4-methoxyphenyl)methyI]thiopseudourea, hydrochloride and 4.18 g (0.051 mole) of sodium acetate in 90 
ml of dimethylformamide was stirred and heated at 70° C for 4 hours. After cooling, ether was added followed 
by washing with water, sodium bicarbonate and brine. The dried solution was evaporated to give an oil which 
45 was treated with isopropyl ether to form 18.8 g of a cream colored solid, melting point 95-97° C. 

B) 

1,6-Dihydro-2-[[(4-methoxyphenyI)methyI]thio]-4-methyl-1-[(dimethylamino)carbonyl]-6-(3-nitrophe- 
nyl)-5-pyrimidinecarboxy!ic acid, ethyl ester 

50 A solution of 1,4-dihydro-2-[[(4-methoxyphenyl)methyl]thio]-6-methyl-4-(3-nitrophenyl)-5-pyrimidinecar- 
boxylic acid, ethyl ester (0.5 g, 1.1 mmole) in 10 ml of dry tetrahydrofuran under argon at 0-5° C was treated 
with pyridine (1.0 ml, 12.6 mmole), then with phosgene (1.16 ml of 12.5% in benzene, 1.47 mmole). After 0.5 
hours at 0-5° C, dimethylamine (1 ml of 40% aqueous, excess) was added. Reaction was complete within 0.5 
hours. The mixture was diluted with ethyl acetate and washed with 1N hydrochloric acid, water and saturated 

55 brine. The aqueous washes were back extracted with fresh ethyl acetate. The combined organic extracts were 
dried (magnesium sulfate) and concentrated in vacuo to give 0.6 g of essentially homogeneous product. 

C) 

5- IfDimethylaminoJcarbonyll-I^.S^-tetrahydro-e-methyl^-tS-nitrophenyO^-thioxo-S-pyrimidinecarboxylic 
60 acid, ethyl ester 

A solution of 1,6-dihydro-2-[[(4-methoxyphenyl)methyl]thio]-4-methyl-1-[(dimethylamino)-carbonyl]- 

6- (3-nitrophenyl)-5-pyrimidinecarboxylic acid, ethyl ester (1.26 g, 2.46 mmole) in dry dichloromethane under 
argon at room temperature was treated with trifluoroacetic acid (0.55 ml, 0.82 g, 7.18 mmole) and ethanethiol 
(0.36 ml, 0.30 g, 4.78 mmole) . The reaction was complete in 2 hours. Volatiles were evaporated in vacuo and the 

65 residue, upon trituation with hot isopropyl ether, gave 0.82 g of material. Dissolution of this material in 



8 
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chloroform and filtration to remove some dark insolubles gave, upon final isopropyl ether trituration, 0.80 g of 
homogeneous product. 

Analysis Calc'd. for CT7H20N4O5S: 
C, 52.03; H, 5.14; N, 14.28; S f 8.17 

Found: C, 52.01; H, 5.19; N, 14.23; S, 7.93 5 
Example 4 

1,2,3,4-Tetrahydro-6-methyl-3-[[methyl(phenyIm^ 

carboxyiic acid, 1 -methylethyl ester 10 
A) 

1,6-Dihydro-1-[[methyl(phenylmethyl)am^ 
carboxyiic acid, 1 -methylethyl ester 

A solution of 1,4-dihydro-2^ethoxy-6-methyl-4-(3-nitrophenyI)-5-pyrimidinecarboxylic acid, 1 -methylethyl 15 
ester (3.34 g, 10 mmol ; see Example 2A) and dry triethylamine (6.3 mi, 45 mmol) in dichloromethane (10 ml) in 
an ice bath under argon was treated dropwise via syringe with 1.3M phosgene in benzene solution (9.2 ml, 12 
mmol) . The resulting mixture was stirred in the bath for 20 hours. After cooling to 0° C with afresh ice bath, the 
mixture was treated with benzyimethylamine (1.95 mi, 15 mmol) and stirred at room temperature overnight. 
The reaction was then diluted with dichloromethane and washed with water, saturated sodium chloride, dried 20 
(potassium carbonate) and evaporated. The residue was passed through a short pad of silica, eluting with 20% 
acetone/hexanes. The fractions were combined, evaporated and triturated with isopropyl ether to give white 
crystals (4.11 g) f melting point 145-146°C (softens 140° C). 

B) 25 

1,2,3,4-Tetrahydro-6-methyl-3-[[methy^ 

carboxyiic acid, 1 -methylethyl ester 

A suspension of 1 ,6-dihydro-1-[[methyl(phenyImethyI)amino]carbonyl]-2-methoxy-4-methyI-6-(3-nitrophe- 
ny!)-5-pyrimidinecarboxylic acid, 1-methylethyi ester (1.81 g, 3.92 mmol) in tetra hydrofuran/methanol (40 ml 
each) was treated with 5N hydrochloric acid (4.0 ml) . The resulting solution was stirred at room temperature for 30 
1.5 hours, partially evaporated and partitioned between saturated sodium bicarbonate and chloroform. The 
organic phase was washed with saturated sodium chloride, dried (magnesium sulfate) and evaporated. The 
residue was crystallized from dichloromethane/isopropyl ether to give white crystals (1.684 g), melting point 
159-161 °C. TLC (70/0 methanol/dichloromethane) single elongated spot, Rf = 0.54. 

Analysis CalcU for C24H26N4O6: 35 
C, 61.79; H, 5.62; N, 12.01 
Found: C, 61.95; H, 5.64; N, 11.91 



Example 5 



40 



1,2,3,4-Tetrahydro-6-methyl-3-[(methyte^ acid, 
1 -methylethyl ester 

A solution of l^-dlhydro^-methoxy-e-methyf^-iS-nitrophenyiJ-S-pyrimidinecarboxylic acid, 1-methylethyl 
ester (5.00 g, 15.0 mmol; see Example 2A) and dry triethylamine (5.9 ml, 45 mmol) in distilled dichloromethane 
(45 ml) at 0°C under argon was treated dropwise via syringe with 1.2M phosgene in benzene (15.0 ml, 18.0 45 
mmol). After stirring at 0°C for 3.5 hours, the reaction mixture was treated with 40<Vo aqueous methylamine 
(1 .94 ml, 22.5 mmol). After 0.75 hour, the reaction was quenched with 1N hydrochloric acid (15 ml, pH 1) and 
partially evaporated. The remaining mixture was diluted with tetrahydrofuran (50 ml) and methanol (25 mi), and 
treated with more 1N hydrochloric acid (15 ml). After two hours stirring at room temperature, the reaction 
mixture was partially evaporated. It was then extracted with ethyl acetate. The combined organic phases were 50 
washed with saturated sodium bicarbonate, saturated sodium chloride, and evaporated. The organic residue 
was crystallized from warm ethyl acetate/hexanes to give white crystals (3.47 g). This material was crystallized 
from dichloromethane/isopropyl ether to give colorless crystals (3.29 g), melting point 204-205° C. 
Recrystallization from ethyl acetate/hexnaes gave colorless crystals (2.588 g), melting point 205-206° C. TLC 
(50/0 methanol/dichloromethane) single spot, Rf = 0.45; visualized with vanillin and heat. 55 

Analysis Calc'd. for C17H20N4O6: 
C, 54.25; H, 5.36; N, 14.89 
Found: C, 54.40; H, 5.23; N, 14.72 

Example 6 60 

3-(Aminocarbonyl)-1,2,3,4-tetrahydro-§-methyl-4^ acid, 
1 -methylethyl ester 

65 



9 



0 237 347 



A) 1-Carbamoyl-1,6-dihydro-2-methoxy-4-methy^ acid, 1-methyiethyi 
ester 

A solution of 1 t 4-dihydro-2-methoxy-6-methyI-4-(3-nitrophenyl)-5-pyrimidinecarboxylic acid, 1-methyiethyi 
ester (5.00 g, 15.0 mmol; see Example 2A) and triethylamine (5.88 g; 45.0 mmol) in dichloromethane (45 ml) at 

5 0°C under argon was treated via syringe with a 1.2M solution of phosgene in benzene (15.0 ml, 18.0 mmol). 
After stirring at 0°C for 3.5 hours, the reaction was treated with concentrated ammonium hydroxide (1 .52 ml, 
22.5 mmoi). After two hours at room temperature, the reaction was treated with more concentrated ammonium 
hydroxide (0.5 ml, 7.5 mmol) and stirred at room temperature overnight. The reaction was then diluted with 
dichloromethane and washed with water and saturated sodium chloride. The organic phase was concentrated 

10 and flash chromatographed to give the title compound as a brittle yellow foam (2.83 g). 

B) 3-(Aminocarbonyl)-1,2,3,4-tetrahy acid, 
1-methylethyi ester 

A solution of 1-carbamoyl-1,6-dihydro-2-methoxy-4-methyl-6-(3-nitrophenyl)-5-pyrimidinecarboxylic acid, 
15 1-methylethyl ester (2.82 g, 7.49 mmol) in tetrahydrofuran (30 ml) and methanol (15 mi) was treated with 1N 
hydrochloric acid (10 ml, pH 1) and stirred at room temperature for 2.0 hours. The reaction was quenched with 
saturated sodium bicarbonate and partially evaporated. The mixture was diluted with ethyl acetate, washed 
with water and saturated sodium chloride, dried (potassium carbonate), and evaporated. The residue was 
crystallized from ethyl acetate to give colorless crystals (1.44 g). Recrystallization from ethyl acetate failed to 
20 remove the impurity. Recrystallization from acetonitrile removed the impurity but recovery was poor (0.58 g). 
The compound was then recombined and flash chromatographed using 15% acetone and dichloromethane. 
Trituration with ether gave the title compound as colorless crystals (1.242 g), melting point 206-207° C. TLC 
(150/o acetone/dichlormethane) single spot, R f = 0.50. TLC (methanol/dichloromethane) single spot 
R f - 0.38. 

25 Analysis Calc'd. for C16H18N4O6: 
C, 53.04; H, 5.01; N, 15.46 
Found: C, 52.78; H, 4.90 N, 15.24 

Example 7 

30 

1,2,3,4-Tetrahydro-6-methyl-4-(3-nitro^ acid, 
1-methylethyl ester 

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-(3-nitrophenyl)-5-pyrimidinecarboxylic acid, 1-methylethyl 
ester (3.50 g, 1 0.5 mmol ; see Example 2A) and triethylamine (4.39 ml, 31 .5 mmol) in dichloromethane (33 ml) at 

35 0°C under argon was treated via syringe with a 1.2M solution of phosgene in benzene (10.5 ml, 12.6 mmol). 
After stirring at 0°C for 3.5 hours, the reaction was treated with piperidine (1.56 ml, 15.7 mmol) and stirred at 
room temperature overnight under argon. The reaction was then diluted with dichloromethane, washed with 
water, and evaporated. The residue was flash chromatographed to give the desired intermediate as a yellow 
foam (4.94 g). This foam was taken up in tetrahydrofuran (50 ml) and methanol (30 ml) and treated with IN 

40 hydrochloric acid (15 ml, pH 1). After stirring at room temperature for 2.5 hours, the reaction was partially 
evaporated. The residue was diluted with ethyl acetate and washed with saturated sodium bicarbonate, 
saturated sodium chloride, dried (magnesium sulfate) and evaporated. The residue was crystallized from 
dichloromethane/isopropyl ether to give a light yellow solid (4.12 g). This material was recrystaliized to give the 
title compound as colorless crystals (2.75 g), melting point 164-1 65° C. TLC (15<Vo acetone/dichloromethane) 

45 single spot, Rf = 0.45. 

Analysis Calc'd. for C21H26N4O6: 
C, 58.60; H, 6.09; N, 13.02 
Found: C, 58.61; H, 6.00; N, 12.91 

50 Example 8 

1,2,3,4-Tetrahydro-6-methyl-3-[[(1^ 
ylic acid, 1-methylethyl ester 

A solution of 1 l 4-dihydro-2-methoxy-6-methyl-4-(3-nitrophenyl)-5-pyrimidinecarboxylic acid, 1-methylethyl 

55 ester (2.10 g, 6.3 mmol; see Example 2A) and triethylamine (2.64 ml, 19 mmol) in dichloromethane (19 ml) at 
0°C under argon was treated via syringe with a 1 ,2M solution of phosgene in benzene (6.3 ml, 7.6 mmol). After 
stirring at 0°C for 3.5 hours, the reaction was treated with isopropylamine (0.81 ml, 9.5 mmol) and stirred at 
room temperature under argon overnight. The reaction was then diluted with dichloromethane, washed with 
water and saturated sodium chloride and evaporated. The residue was taken up in tetrahydrofuran/methanol 

60 (18 ml each), treated ith 1N hydrochloric acid (10 ml, pH 1) and stirred at room temperature for 2 hours. The 
reaction was then partially evaporated, and partitioned between ethyl acetate and water. The organic phase 
was washed with saturated sodium bicarbonate, saturated sodium chloride, dried (magnesium sulfate) and 
evaporated. The residue was crystallized from isopropyl ether/hexanes to give yellow crystals (2.16 g, 85%). 
This material was recrystaliized from dichloromethane/isopropyl ether to give colorless crystals (1.759 g), 

65 melting point 145-1 46° C. TLC (5<Vo ethyl acetate/dichloromethane) single spot, Rf = 0.49. 
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Analysis Caic'd. for C19H24N4O6: 
C, 56.43; H, 5.98; N, 13.85 
Found: C, 56.18; H, 5.89; N, 13.45 

Example 9 

1,2,3,4-Tetrahydro-6-methyl-4-(3-nitrophen^ 
ylic acid T 1-methylethyf ester 



1,6-Dihydro-2-methoxy-4-methyi-6-(3-n^ 
acid, 1-methylethyl ester 

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-(3-nitroph acid, 1-methyiethyI 

ester (5.00 g, 15.0 mmol; see Example 2A) and dry triethylamine (6.27 ml, 45 mmol) in dichloromethane (45 ml) 
in an ice bath under argon was treated with a 1.2M solution of phosgene in benzene (15.0 ml, 18.0 mmol) via 15 
syringe. After stirring 4.0 hours at 0°C, the reaction was treated with benzyl amine (2.46 mi, 22.5 mmol) and 
stirred at ambient temperature overnight. The reaction was treated with water and saturated sodium chloride. 
The organic phase was evaporated and flash chromatographed (30/0 ethyl acetate in dichloromethane) to give 
the title compound as a yellow foam (6.20 g) TLC (5% ethyl acetate/dichloromethane) major spot, R f = 0.70. 



1,2,3,4-Tetrahydro-6-methyI-4-(3-nitro^ 
ylic acid, 1-methylethyl ester 

A solution of 1,6Hiihydro-2-methoxy^-methyl^-(3-nitrophenyl)--1-[[(phenylmethyl)aminoIcarbonyi]-5-pyri- 
midinecarboxylic acid, 1-methylethyl ester (3.00 g, 6.45 mmol) in tetrahydrofuran (50 mI)/methanol (25 mi) was 25 
treated with IN hydrochloric acid (6.0 ml, pH 1) and stirred at room temperature for 1 hour. The reaction was 
quenched with saturated sodium bicarbonate and partially evaporated. The residue was partitioned between 
chloroform and water. The organic phase was washed with saturated sodium chloride, dried (magnesium 
sulfate) and evaporated. The residue was crystallized from dichloromethane/isopropyl ether. The solids which 
precipitated were recrystallized to give the title compound as a colorless electrostatic solid (1.84 g), melting 30 
point 184-185° C. TLC (5% ethyl acetate/dichloromethane) single spot, Rf = 0.39. 

Analysis Caic'd. for C23H24N4O6: 
C, 61.05; H, 5.35; N, 12.38 
Found: C, 60.97; H, 5.36; N, 12.33 

35 

Example 10 

S-ffEthylaminoJcarbonyll-l^^^^etrahydro-e-methyW-fS-nitrophenylJ^oxo-S-pyrimidinecarboxylic acid, 
1-methylethyl ester 

A solution of 1,4-dihydro-2-methoxy-6-methyi-4-(3-nitrophenyI)-5-pyrimidinecarboxylic acid, 1-methylethyl 40 
ester (2.00 g, 6.00 mmole; see Example 2A) and triethylamine (2.5 ml, 18.0 mmole) in acetonitrile (18 ml) in an 
ice bath under argon was treated via syringe with a 1.3M solution of phosgene in toluene. The reaction was 
stirred at 0°C for 3.0 hours and then treated with a 70% solution of aqueous ethylamine (0.36 ml, 9.0 mmole). 
After stirring in the ice bath for 3.0 hours, the reaction was evaporated. The residue was taken up in 
tetrahydrofuran/methanol (24 ml each) and treated with 5N hydrochloric acid (4.0 mi). After stirring at ambient 45 
temperature for 1.0 hour, the reaction was partially evaporated and then quenched with saturated sodium 
bicarbonate. The aqueous phase was extracted with ethyl acetate and washed with saturated sodium chloride. 
Flash chromatography (5% ethyl acetate in dichloromethane) and crystallization from dichloromethane/iso- 
propyl ether gave colorless crystals (1.22 g), melting point 153-155° C. TLC (50/0 ethyl acetate/dichlorometh- 
ane) single spot, Rf = 0.26. ^ 

Analysis Caic'd. for C18H22N4O6: 
C, 55.37; H, 5.68; N, 14.35 
Found: C, 55.33; H, 5.66; N, 14.31 

Example 11 

3-[(Dimethylamino)rarbonyI]-1£ acid 

A) 1r4-Dihydro-2-methoxy-6-methyl-4-(3-nitrophenyl)-5-pyrimidinecarboxylic acid, t-butyl ester 

A mixture of 2-[(3-nitrophenyI)methylene]-3-oxobutanoic acid, t-butyl ester (6.80 g, 22.3 mmol), 60 
o-methylisourea hydrogen sulfate (5.22 g, 30.3 mmol), and sodium bicarbonate (5.87 g, 69.9 mmol) in 
dimethylformamide (35 ml) was stirred at room temperature overnight under argon. After 23 hours at room 
temperature, the reaction was heated at 60° C (oil bath) for 5.5 hours. It was then partitioned between ethyl 
acetate and 50/0 sodium bicarbonate. The organic phase was washed several times with water, washed with 
saturated sodium chloride, and dried over potassium carbonate. Evaporation gave crude title compound as a 65 
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light brown oil (9.93 g). 

B) 3-[(Dimethylamino)carbonyl]-1,2,3,4-te^^ 
acid, t-buty! ester 

5 A solution of 1 ,4-dihydro-2-methoxy-6-me^ acid, t-butyl ester 

(1.30 g, 3.05 mmol) and dry triethylamine (1.27 ml, 9.15 mmoi) in dichloromethane (10 ml) in an ice bath under 
argon was treated via syringe with a 1 ,2M solution of phosgene in benzene (3.05 ml, 3.66 mmol). After stirring 
overnight, the reaction was cooled to 0°C and treated with 400/o aqueous dimethyiamine (0.40 ml, 4.57 mmol). 
The bath was then removed, and the reaction was stirred at room temperature for 3.0 hours. The reaction was 

10 diluted with dichloromethane, washed with water, saturated sodium chloride, and evaporated. Flash 
chromatography (3<Yo ethyl acetate/dichloromethane) gave the desired intermediate as a yellow foam (0.50 g). 
This compound was taken up in tetrahydrofuran/methanol (6.0 mi each) and treated with 1 N hydrochloric acid 
(2.0 ml, pH 1). The reaction was stirred at ambient temperature for 2.0 hours and evaporated. The residue was 
taken up in ethyl acetate and washed with saturated sodium bicarbonate, saturated sodium chloride, dried 

15 (magnesium sulfate) and evaporated. The residue was crystallized from isopropyl ether/dichloromethane to 
give the title compound as colorless crystals (265 mg), melting point 187-1 88° C. 

C) 3-[(Dimethylamino)carbonyl]-1,2,3,4-tetrahy^ 
acid 

20 A solution of 3-[(dimethylamino)carbonylH,2,3,4-tet^ 

inecarboxylic acid, t-butyl ester (230 mg, 0.59 mmol) in chloroform (4.0 ml) was treated with trifluoroacetic acid 
(1.2 ml) at ambient temperature under argon. After stirring for 2.5 hours, the reaction was evaporated, 
coevaporated with toluene and crystallized from ethanol/ether to give the title compound as colorless crystals 
(134 mg), melting point 193-195°C. TLC (50/o methanoi/dichloromethane) single spot, Rf = 0.21. 

25 Analysis Calc'd. for C15H16N4O6: 
C, 51.72; H, 4.63; N, 16.08 
Found: C, 51.41; H, 4.57; N, 15.73 

Example 12 

30 

S-tAminocarbonyO-I^.S^-tetrahydro-e-methyl^-tS-nitrophenyO^-oxo-S-pyrimidinecarboxylic acid, ethyl 
ester 

A) 1,4-Dihydro-2-methoxy-6-methyl-4-(3-nitrophenyl)-5-pyrimidinecarboxylic acid, ethyl ester. 

35 A mixture of 2-[(3-nitrophenyl)methy!ene]-3-oxobutanoic acid, ethyl ester (16.46 g, 62.6 mmol), 
o-methylisourea hydrogen sulfate (14.00 g, 81.4 mmol), and sodium bicarbonate (15.8 g, 18.8 mmol) in 
dimethylformamide (9.4 ml) was heated at 70° C (oil bath) under argon overnight. The cooled reaction was 
diluted with water and extracted with ethyl acetate. The organic phase was washed several times with water, 
washed with saturated sodium chloride, dried (potassium carbonate) and evaporated. The residue was passed 

40 through a pad of silica gel, crystallized from isopropyl ether/hexanes and then triturated with 60% isopropyl 
ether hexanes (50 ml) to give 1,4-dihydro-2-methoxy-6-methyl-4-(3-nitrophenyi)-5-pyrimidinecarboxyiic acid, 
ethyl ester as light yellow crystals (12.32 g), melting point 101-103° C. 

B) 3-(Aminocarbonyl)-1 ,2,3,4-tetrahydro-6-methyl-4-(3-nitrophenyl)-2-oxo-5-pyrimidinecarboxylic acid, ethyl 
45 ester 

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-(3-nitrophenyl)-5-pyrimidinecarboxylic acid, ethyl ester 
(est. 19.8 mmol) and dry triethylamine (11.1 ml, 80 mmol) in acetonitrile (40 mi) in an ice bath under argon was 
treated with a 1.2M solution of phosgene in toluene (20 ml, 24 mmol) via syringe. After stirring at 0°C for 2.0 
hours, the reaction was treated with a0.7M solution of ammonia in tetrahydrofuran (46 ml, 32 mmol) and stirred 

50 at 0°C for 1 .3 hours. Nitrogen was bubbled through the reaction and it was partially evaporated. The residuals 
were diluted with tetrahydrofuran (100 ml) and methanol (50 ml) and treated with 1 N hydrochloric acid (40 ml, 
pH 1). After 1.0 hour stirring, the reaction was quenched with saturated sodium bicarbonate. The organic 
extracts were washed with saturated sodium chloride, dried (magnesium sulfate), and evaporated. The residue 
was crystallized from dichloromethane/isopropyl ether to give yellow crystals (2.7 g). This solid material was 

55 thoroughly triturated with acetonitrile to give the title compound as colorless crystals (2.254 g), melting point 
213-215°C. TLC (400/o acetone/hexane) single spot, Rf = 0.42. 

Analysis Calc'd. for C15H16N4O6: 
C, 51.72; H, 4.63; N, 16.08 
Found: C, 51.78; H, 4.67; N, 15.95 

60 

E xample 13 

3-(Aminocarbonyl)-1,2,3,4-tetrahydro-6-methyl-2-oxo-4-[2-trifIuoromethyl)phenyl]-5-pyrimdinecarboxylic 
acid, ethyl ester 

65 
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A) 1,4-Dihydro-2-methoxy-6-methyi-4-[(2-trifluora^ acid, ethyl ester 

A solution of 2-[[2-(trifluoromethy[)pheny!]methyIene]-3-oxobutanoic acid, ethyl ester (2.86 g; 10.0 mmoies) 
in drydimethyiformamide (10 ml) under argon was treated with o-methyiisourea hydrogen sulfate (2.10 g; 12.2 
mmoies) and sodium acetate (2.0 g; 12.2 mmoies). The resulting suspension was allowed to stir at room 
temperature overnight and then heated at 55° C for 6 hours. The reaction was diluted with ethyl acetate, filtered 5 
and the filtrate was washed with water, sodium bicarbonate and brine. After drying over anhydrous magnesium 
sulfate, the solvent was evaporated to give a yellow foam, it was purified by flash chromatography (5Qfo ethyl 
acetate in methylene chloride) to provide the title compound (2.17 g) as a colorless thick oil which solidified on 
standing. This product was used for the next reaction without further purification. 

10 

B) 3-(AminocarbonyI)-1,2,3,4-tetrahydro-6-methyl^ 
acid, ethyl ester 

A solution of 1 s 4-dihydro-2-methoxy^methyM-[(2-trifluoromethyl)phenyl]-5-pyrimidinecarboxylic acid, 
ethyl ester (2.85 g, 8.63 mmol) and dry triethyiamine (4.81 ml, 34.5 mmol) in acetonitrile (20 ml) at 0°C under 
argon was treated with a 1.2M solution of phosgene in toluene (8.6 ml, 10.3 mmol) via syringe. After stirring at 15 
0°C for 2.0 hours, the reaction was treated with a 0.7M solution of ammonia in tetrahydrofuran (19.7 mi, 13.8 
mmol) and stirred at 0°C for 1.5 hours. Nitrogen was bubbled through the reaction and it was partially 
evaporated. The residuals were diluted with tetrahydrofuran (40 ml) and methanol (20 ml) and treated with 1N 
hydrochloric acid (20 ml, pH 1). After 1.5 hour stirring, the reaction was quenched with saturated sodium 
bicarbonate and partially evaporated. The aqueous phase was extracted with ethyl acetate. The combined 20 
organic layers were washed with saturated sodium chloride and evaporated. The crude product was flash 
chromatographed (5-15% acetone/dichloromethane) and triturated with ether (twice) to give the title 
compound as colorless crystals (790 mg). Crystals shrank over 105-1 15° C range, then slowly melted 
155-160° C. TLC (30/o acetone/ether) single spot, R f = 0.61. 

Analysis Calc'd. for C16H16F3N3O4: 25 
C, 51.75; H, 4.34; N, 11.32; F, 15.35 
Found: C, 52.05; H, 4.50; N, 10.99; F, 15.64 

Example 14 

30 

[3(S)J-1,2,3 r 4-Tetrahydro-6-metty^ 

carboxylic acid, 1-methylethyI ester, isomers A and B 

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-(3-nitrophenyI)-5-pyrimidinecarboxyIic acid, 1-methylethyl 
ester (2.0 g, 6.0 mmoies; see Example 2A) in dichloromethane (10 ml) and triethyiamine (4.2 ml) was allowed to 
cool to 0°C under argon and was treated dropwise with phosgene solution in toluene (6 ml of 1 .3M solution). A 35 
colorless thick precipitate was formed. The reaction was allowed to stir at 0° C for 30 minutes and then treated 
dropwise with (S)-(-)-a-methyibenzyIamine (800 mg, 6.6 mmoies). The ice bath was removed and the reaction 
was allowed to stir at room temperature for 3 hours. The solvent was evaporated and the residue was 
dissolved in methanol-tetrahydrofuran (10 mi of 1:1 mixture). The resulting solution was treated with 2N 
hydrochloric acid (2 ml) and allowed to stir at room temperature for 1 hour. The solvent was removed and the 40 
residue was extracted with dichloromethane. The combined extracts were washed with water, sodium 
bicarbonate and brine. After drying over anhydrous magnesium sulfate, the solvent was evaporated and the 
residue was passed through a short column of silica gel (ethyl acetate/dichforomethane:5/95). The product 
was crystallized from dichloromethane-isopropyi ether to provide colorless solid (isomer B:619 mg). 
Recrystallization from the same solvent system provided the analytically pure isomer B, melting point 45 
197.5-198.5° C, [oc]d = + 139° (Wo chloroform). The mother liquor from the first crystallization was 
evaporated and the residue was crystallized again from dichloromethane-isopropyi ether to give a mixture of 
isomers A and B (301 mg) . The resulting mother liquor was concentrated and crystallized from ether-hexanes 
to yield pure isomer A (501 mg), melting point 94-97° C, [a] D = -232° (1%, chloroform). 

Analysis Calc'd. for C24H26N4O6: 50 
C t 61.79; H, 5.62; N, 12.01 
Found (isomer A): C, 61.94; H, 5.54; N, 11.97 
Found (Isomer B): C, 61.90; H, 5.57; N, 11.99 

Example 15 55 

[3(R)]-1,2,3,4-Tetrahydro-6-methyI-4-(3-nitrophenyl)-2-oxo-3-[[(1-phenyiethyi)amino]carbonyl]-5-pyrimidi 
carboxylic acid, 1-methylethyi ester, isomers A and B 

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-(3-nitrophenyl)-5-pyrimidinecarboxylic acid, 1-methylethyl 
ester (2.0 g, 6.0 mmoies; see Example 2A) in dichloromethane (1 0 ml) and triethyiamine (4.2 ml) was allowed to 60 
cool down to 0°C under argon and was treated dropwise with phosgene solution in toluene (6 ml of 1.3M 
solution). A colorless thick precipitate was formed. The reaction was allowed to stir at 0°Cfor 30 minutes and 
then treated dropwise with (R)-( + )-a-methylbenzyiamine (800 mg, 6.6 mmoies). The ice bath was removed 
and the reaction was allowed to stir at room temperature for 3 hours. The solvent was evaporated and the 
residue was dissolved in methanol-tetrahydrofuran (10 ml of 1 :1 mixture). The resulting solution was treated 65 
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with 2N hydrochloric acid (2 ml) and allowed to stir at room temperature for 1 hour. The solvent was removed 
and the residue was extracted with dichloromethane. The combined extracts were washed with water, sodium 
bicarbonate and brine. After drying over anhydrous magnesium sulfate, the solvent was evaporated and the 
residue was passed through a short column of silica gel (ethyl acetate/dichIoromethane:5/95). The product 

5 was crystallized from dichloromethane-isopropyl ether to provide colorless solid (isomer B:530 mg). 
Recrystailization from the same solvent system provided the analytically pure isomer B (380 mg), melting point 
187-188°C, [a]D = -125° (1%, chloroform). The mother liquorfrom the first crystallization was evaporated and 
the residue was crystallized again from dichloromethane-isopropyl ether to give a mixture of isomers A and B 
(380 mg). The resulting mother liquor was concentrated and crystallized from isopropyl ether-hexanes to yield 

10 isomer A (325 mg), melting point 145-149°C, [a]o = +236° (1%, chloroform). 
Analysis Caic'd. for C24H26N4O6: 
C, 61.79; H, 5.62; N, 12.02 
Found (Isomer A): C, 61.84; H, 5.53; N, 12.00 
Found (Isomer B): C, 61.90; H, 5.57; N, 11.99 

15 

Example 16 

3-(Aminocarbonyl)-4-(2,1,3-benzoxadiazol-4-yl)-1,2 > 3 l 4-tetrahydro-6-methyl-2-oxo-5-pyrimidinecarboxylic 
acid, 1-methylethyl ester 

20 

A) 4-(2,1,3-Benzoxadiazol-4-yI)-1,4-dihydro-2-methoxy-6-methyl-5-pyrimidinecarboxylic acid, 1 -methylethyl 
ester 

A mixture of 2-[(2,1,3~benzoxadiazol-4-yl)methyIene]-3-oxobutanoic acid, 1-methylethyl ester (2.04 g, 7.43 
mmol), sodium bicarbonate (1.87 g, 22.3 mmol) and O-methylisourea hydrogen sulfate (1.66 g, 9.66 mmol) in 

25 dimethylformamide (7.5 ml) was heated at 65° C (oil bath) overnight under argon. The reaction was then diluted 
with ethyl acetate, washed several times with water, washed with saturated sodium chloride, dried (potassium 
carbonate), and evaporated. The residue was flash chromatographed over Merck silica gel (400 ml) eluting 
with 10o/o ethyl acetate/dichloromethane to give 4-(2,1,3-benzoxadiazol-4-ylM,4-dihydro-2-methoxy- 
6-methyl-5-pyrimidinecarboxyIic acid, 1-methylethyl ester as a dark solid (0.60 g, 240/0). TLC (10% ethyl 

30 acetate/dichloromethane) single spot, Rf = 0.17. 

B) 4-(2,1 ) 3-Benzoxadiazol-4-yl)-1,2,3,4-tetrahydro-6-methyl-3,5-pyrimidinedicarboxyiic acid, 5-( 1-methylethyl), 
3-(4-nitrophenyl)ester 

A solution of 4-(2 J 1,3-benzoxadiazol-4-yl)-1,4-dihydro-2-methoxy-6-methyI-5-pyrimidinecarboxylic acid, 
35 1-methylethyl ester (0.60 g, 1.82 mmol) and pyridine (0.88 ml, 10.9 mmol) in dichloromethane (10 ml) in an ice 
bath under argon was treated dropwise, via addition funnel, with a solution of 4-nitrophenylchloroformate (403 
mg, 2.00 mmol) in dichloromethane (10 ml). The reaction was then stirred at 0°C for one hour and evaporated. 
The residue was then taken up in tetrahydrofuran (20 ml) and methanol (10 ml) and treated with 3N 
hydrochloric acid (2 ml, pH 1). After stirring at ambient temperature for 45 minutes, the reaction was 
40 evaporated to near dryness, cooled in an ice bath, and quenched with saturated sodium bicarbonate. This 
mixture was extracted with ethyl acetate. The organic phase was washed with saturated sodium chloride, dried 
(potassium carbonate) and evaporated to give 4-(2,1,3-benzoxadiazol-4-yl)-1,2,3,4-tetrahydro-6-methyl- 
3,5-pyrimidinedicarboxylic acid, 5-(1 -methylethyl), 3-(4-nitrophenyl)ester as a brown solid (0.63 g, 74%). TLC 
(400/o acetone/hexanes) major spot, Rf = 0.33. 

45 

C) 3-(Aminocarbonyl)-4-(2 J 1,3-benzoxadiazol-4-yl)-1 J 2,3 l 4-tetrahydro-6-methyl-2-oxo-5-pyrimidinecarboxylic 
acid, 1 -methylethyl ester 

A solution of 4-(2,1 ,3-benzoxadiazol-4-yl)-1 ^.S^-tetrahydro-e-methyl^-oxo-S.S-pyrimidinedicarboxyiic 
acid, 5-( 1-methylethyl), 3-(4-nitrophenyl)ester (0.63 g, 1.35 mmol) in distilled tetrahydrofuran (14 ml) in an ice 

50 bath under argon was treated with a 0.7M solution of ammonia in tetrahydrofuran (2.5 ml, 1.75 mmol) and 
stirred at 0° C for one hour. The reaction was then evaporated and flash chromatographed over Merck silica gel 
(150 ml) eluting with 40o/o ethyl acetate/hexanes to give a yellow foam (109 mg). Crystallization from isopropyl 
ether/dichloromethane gave 3-(aminocarbonyl)-4-(2,1,3-benzoxadiazol-4-yI)-1,2,3,4-tetrahydro-6-methyl- 
2-oxo-5-pyrimidinecarboxylic acid, 1 -methylethyl ester as free flowing yellow solid (141 mg, 37%), melting 

55 point 207-208° C. TLC (40/0 methanol/dichloromethane) single spot, Rf = 0.27. 

Example 17 

1,2,3,4-Tetrahydro-6-methyl-3-[[(^ 
60 ylic acid, (S)-1-methyl-2-[methyl(phenylmethyl]amino]ethyl ester, hydrochloride salt 

A) 1 ^-Dihydro^-methoxy-e-methyl^-tS-nitrophenylJ-S-pyrimidinecarboxylic acid, 
(S)-1-methyl-2-[methyI(phenylmethyl)amino]ethyi ester 
A mixture of 2-[3-nitrophenyl) methylene] -3-oxobutanoic acid, (S)-1-methyl-2-[methyl(phenylmethyl)ami- 
65 no]ethyl ester (7.4 g, 18.8 mmol), O-methylisourea hydrogen sulfate (3.88 g, 22.5 mmol), and sodium 
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bicarbonate (7.89 g, 94 mmol) in dimethylformarnide (19 mi) under argon was heated at 65°C (oil bath) 
overnight. The mixture was then partitioned between ether and water. The organic phase was washed several 
times with water, and then washed with saturated sodium chloride, dried (potassium carbonate) and 
evaporated. The thick red residue was flash chromatographed over Merck silica eluting with 5-20% 
acetone/dichioromethane to give I^Hdihydro^-methoxy-^-methyM-tS-nitrophenylJ-S-pyrimidinecarboxyiic 5 
acid, (S)-1-methyI-2-[methyi(phenylmethyI)amino]ethy[ ester as a thick, dark oit (3.77 g, 44%). TLC (20% 
acetone/dichioromethane) two spots, Rf 0.34 and 0.47. 

B) 3,4-Dihydro-6-methyI-4-(3-nitrophenyl)-2-oxo-3,5-pyrimidinedicarboxyIic acid, 

StfSl-l-methyl^-tmethylfphenytmethyiJaminoJethyl], 3-(4-nitropheny!) ester w 

A solution of 1,4-dihydro-2-methoxy-6-methyl-4-(3-nitrophenyI)-5-pyrimidinecarboxyIic acid, (S)-l-methyl- 
2-[methyi{pheny!methyi)amino]ethyI ester (2.20 g, 4.87 mmol) and pyridine (2.36 ml, 29.2 mmol) in 
dichloromethane (20 mi) in an ice bath under argon was treated dropwise, via addition funnel, with a solution of 
4-nitrophenylchIoroformate (1.08 g, 5.36 mmol) in dichloromethane (20 ml). The reaction was then stirred in the 
ice bath for 15 minutes and evaporated. The residue was coevaporated with toluene to remove pyridine. The 15 
residue was then taken up in tetrahydrofuran (50 mi) and methanol (25 ml) and treated with 3N hydrochloric 
acid (5.0 ml, pH 1). After stirring at ambient temperature for 1.5 hours, the reaction was quenched by pouring 
into cold (ice bath) saturated sodium bicarbonate. After evaporating to near dryness, the mixture was 
extracted with ethyl acetate. The combined organic phase was washed with saturated sodium chloride, dried 
(potassium carbonate), and evaporated to give 3,4-<iihydro-6-methyl-4-(3-nitrophenyl)-2-oxo-3,5-pyrimidin- 20 
edicarboxylic acid, 5[(S)-1-methyi-2-[methyI(phenyImethyi)amino)ethylI s 3-(4-nitrophenyl) ester as a brown 
solid (2.38 g, 83%). TLC (10% acetone/dichioromethane) two major spots, Rf = 0.25 and 0.39. 

C) 

1,2,3,4-Tetrahydro-6-methyl-3-[[(1 -methyl 25 
ylic acid, (S)-1-methyl~2-[methyI(phenyImethyl)amino]ethyl ester, hydrochloride salt 

A mixture of 3,4Hdihydro^-methyM-(3-nitrophenyl)-2-oxo-3 J 5»pyrimidinedLcarboxylic acid, 5[(S)-1-methyl- 
2-[methy[(pheny[methyI)amino)ethyl], 3-(4-nitro phenyl) ester (2.38 g, 4.04 mmol) and isopropylamine (0.34 ml, 
4.04 mmol) in acetonitrile (8 ml) was stirred at ambient temperature overnight under argon. The reaction was 
diluted with ethyl acetate, washed with saturated sodium bicarbonate (three times) and saturated sodium 30 
chloride, dried (potassium carbonate), and evaporated. Flash chromatography over Merck silica gel (300 ml) 
eluting with 5% acetone/dichroromethane gave a yellow foam (0.84 g). The foam was taken up in ether and 
treated with ethereal hydrogen chloride solution to give 1,2,3,4-tetrahydro-6-methyl-3-[[(1-methylethyl)amino- 
]carbonylI-4-(3-nitrophenyI)-2-oxo-5-pyrimdinecarboxyIic acid, (S)-1-methyl-2-[methyl(phenylmethyl)ami- 
no]ethyl ester, hydrochloride salt, as electrostatic, yellow crystals (672 mg, 30%), melting point 110-130° 35 
(decomposes). TLC (10% acetone/dichioromethane) two spots, Rf = 0.38 and 0.46. 

Example 18 

1,2,3,4-Tetrahydro-3-[[[(S)-2-ethoxy-2-oxo-H^ 40 
nyI)-2-oxo-5-pyrimidinecarboxyIic acid, 1-methylethyl ester 

A mixture of 1,4-dihydro-2-methoxy-6-methyi-4-(3-nitrophenyl)-5-pyrimidinecarboxylic acid, 1-methylethyl 
ester (4.00 g, 12.0 mmol, see Example 2A) and triethylamine (6.69 ml, 48.0 mmol) in an ice bath under argon in 
acetonitrile (48 ml) was treated dropwise via GT syringe with a 1.3M solution of phosgene in toluene (12.0 ml, 
15.6 mmol). After stirring one hour at 0°C, the reaction was treated with L-phenyialanine ethyl ester 45 
hydrochloride (3.31 g, 14.4 mmol) and stirred at ambient temperature for one hour. The mixture was then 
diluted with tetrahydrofuran/methanol (100 ml each) and treated with 3N hydrochloric acid (15 ml, 45 mmol). 
After stirring at ambient temperature for one hour, the reaction was cooled in an ice bath and quenched with 
saturated sodium bicarbonate. The resulting mixture was partially evaporated and extracted with ethyl acetate. 
The organic phase was washed with saturated sodium chloride, dried (magnesium sulfate), and evaporated. 50 

The residue was flash chromatographed over Merck silica gel (600 ml) eluting with 5% ethyl 
acetate/dichloromethane. This procedure yielded a mixture of both isomers as well as slow isomer only (2.5 g) ; 
each as a yellow foam. The slow isomer (B) portion was crystallized from dichloromethane/isopropyl ether to 
give lightly tanned white crystals (1 .30 g, melting point 132-133° C). The mother liquor was combined with the 
mixture of both isomers and recrystallized from dichloromethane/isopropyl ether to give additional slow 55 
isomer (0.60 g) as colorless crystals. The filtrate was partially evaporated to give two crops (2.45 g and 1.39 g) 
of the fast isomer (A). These two crops were combined and recrystallized to give the fast isomer as light, 
electrostatic needles (1.34 g, 21%), melting point 122-124° C. TLC (10% ethyl acetate/dichloromethane) 
single spot, Rf = 0.59. [cc]d = +165° (1%, chloroform). The corresponding slow isomer (B) portions were 
combined and recrystallized to give colorless, mildly electrostatic needles (1.57 g, 24%), melting point 60 
134-135° C. TLC (10% ethyl acetate/dichloromethane) single spot, R f = 0.43 [a] D = -155° (1%, chloroform). 

Analysis Calc'd for C27H30N4O8: 
C, 60.21; H, 5.61; N, 10.41 
Found (fast isomer): C, 60.24; H, 5.66; N, 10.37 

(slow isomer): C, 60.17; H, 5.60; N, 10.34 &5 
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Example 19 

1234-Tetr a hydro-6-methyl-3-[[[2-[methyl(phenylmethyl)amino]ethyl]amino]carbonyl]-4-(3-nitrophe- 

esfer 6 0 IKe Example 2A) and triethylamine (1.25 ml 9.0 mmo.) in a^torrftne (18 mO .n ,« ice 
hSh iindar anion was treated via GT syringe with a 1.3 M solution of phosgene in toluene (6.0 ml 7 8 1 mmol . 
After stSngTo" C for 3 0 hours, the reaction was treated with a solution of triethylam ne (25 «Mnn»Q 
a^d nSi^ methylaminoethyl amine (1.523 g, 9.0 mmo.) in dry Mr ah ydrofuran (■ 2 mO "J^JgJ « 
ana in » _ tirred at o°c for 1 5 hours, diluted w th tetrahydrofuran 24 ml) and methanol (24 ml) 

S2S^Swi).The reaction was then stirred at -om temperature for 2.0 
h^ts and quenched with saturated sodium bicarbonate. The resultant mixture was partially evaporated and 
exacted I with etlwl acetate. The combined organic phases were washed with saturated sodium chloride, dried 
Saanesium sul a?e) and evaporated to give a yellow foam (3.12 g). This material was flash chroma ographed 
tS!Z^S\iro m ^L) and crystallized from ether/isopropyl ether to give , a colorless sol.d (1 .64 g, 
540/0) melting point 133-135°C. TLC (2<Vo methanoi/dichloromethane) s.ngle spot, R, - 0.17. 

Analysis Calc'd. for C28H31N5O6: 
C, 61.28; H, 6.13; N, 13.74 
20 Found: C, 61.33; H, 6.19; N, 13.49 

Example 20 

(.)-3-[(Dimethylamino)carbonyl]-1,2,3,4-tetrahydro-6-methyl-4-(3-nitrophenyl)-2K>xo-5-pyrimidinecarboxyn 

25 acid, 1-methylethyl ester 

A)34-Dihvdro-2-r[(4-methoxyphenyl)methyl]thio]-6-methyl-4-(3-nitrophenyl)-3,5-pyrimfdine 
5 (1me hvlethyl)ester 3-[1-[1 1-dimethylethoxy)carbonyl]-5(S)-(methoxycarbonyl)-3(R)-pyrrolid.nyllester 
ToTsolSof^ 

boxvlic acid Tme hytethyl ester In neat pyridine (44 ml) at room temperature under nitrogen was added 
nhosaen?ln\oluene ( 3 M, 1.3 eq., 22 ml). The reaction mixture was stirred for two hours and then a solution 

o^Ti td"S methyl ester (8 - 6 9 ' f* Tr ' 1 555 

nvridine (20 m) was added dropwise. After stirring for 24 hours at room temperature TLC diethyl 
aSSShe^M)T«!ed the reaction to be incomplete. Additional 1-[(1,1-dimethy ethoxy)carbonyn 

4 - Sans ; hydraxy -l!-p?cllne, methyl ester (5.4 g, 22 mmol) was added as a solution In pyridine 15 ml) and he 
taction continued for 24 more hours. The reaction was worked up by diluting with ethyl acetate (100 ml), the 
S M°" r washed with saturated sodium bicarbonate solution (2 x 50 ml), sodium d.hydrogen 
DhospnaS x £} I mO^nd water (2 x 50 ml), dried over magnesium sulfate, filtered and evaporated in vacuo to 
SItam. Fish chromatography on 1000 g of si.ica (1 :2:ethyl acetate :hexanes) afforded the product as a 

40 yellow foam, 9.3 g (58%). 

B) 1 2 3 4-Tetrahydro-6-methyl-4-(3-nitrophenyl)-2-thioxo-3,5-pyrimidinecarboxylic acid, 

5- (1-methvlethyl)ester, 3-[5(S)-methoxycarbony!)-3(R)-pyrrolidinyl]ester 
3 4 D hTrol4[(4-methoxyphenyl)meth 

5-(1meX 

J, IsSES a^a solution in dichloromethane (1 1 ml) was added dropwise to a mixture f™™^* 
%R mh and anisole (2 6 ml) at 0°C under nitrogen. The mixture was stirred at 0 C for 90 minutes and the 
rifluo oacetic Tdd l wasWporated in vacuo. The yellow residue was dissolved in dichloromethane (100 mO. 
^taS£Z ^laye^s washed wlth^ater (50 ml), saturated sodium bicarbonate (2 x 50 mO. dried over 

^^^T^^m^Z d^under vacuum to afford a mixture of the .Wen 
mo n ?S/oT The free base of the above mixture was liberated immediately pnor to chromatographic 
ie'paration by treeing a aSo?omethane solution with sodium hydroxide, and absorbing the >ownb££ 
onto CeSte Flash chromatography on 1000 g of silica using 60:40:1 :ethyl acetate:hexanes:methano fol owd 
bv an 80- 20-i rik) of the same solvent mixture afforded a separation into the two isomers A and B. All coUimn 
Kons were SiSled with ethereal hydrochloric acid as they were collected. Isomer A, 2.01 g (57%). Isomer 
B, 2.04 g (580/0). 

«n c\i \ 1 2 3 4-Tetrahvdro-6-methyl-4-(3-nitrophenyl)-2-thioxo-5-pyrimidinecarboxylic acid, 1 -methylethyl ester 
« ZZZ -l£TZ ftesie^Sd wee collected by filtration. Three further crops „e.e collected from the 
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mother liquors, which then combined afforded 1.0 g (790/o). [ a ] D = -90.1" (c = 1, DMSO). 

?-mih;tK 

reaction stirred at room tem P eratureTo^ tv^o ho^ ST - ♦ ^P'* 8 ' the bath Was removed «™» ^ 

reaction was diluted S | £££e fK Pmh h ^t^^"" 5 Stirred for 30 minutes - ™e 
sodium bicarbonate (^lS!SEto?j2 ^ ™ W™™ 0 ™ ac ' d (2X) and saturated 
to afford an oil, 586 mg^lash cS TZoZZ^on ^Z 1\TtT flltered ' and reduced in vacuo 

as an oil, 355 mg (41<>/o] ^ sn cnromatography on40g siUca(1 Methyl acefaterhexanes) afforded pure p^odSct 

P) 

was stirred overnight at room temperXe Tnd I „£L£ ♦ C under a nitrogen atmosphere. The reaction 

acetate (15 ml) and washed with W h^rochloric ISSSTSS * T*F T ¥ * h 6thyi 

combined organic layers were dried «2r™™£ « ' um h y drox,de (*«*») and water. The 

mg. Flash ol£J£335JS ^ZSS^'f 4 "f '2 dUCBd t0 afford an «* 390 

was allowed to stand under e\he KSS^ ^T?' 8 *^ n88 aff ° rded the product as 30 oiL ^ oil 
solid, 144 mg (55%), meft^^ 

Analysis CalcU for CtaH^Oe- ' chloroform )- 

C, 55.38; H 5 5.68; N, 14.35 
Found: C, 55.41; H, 5.68; N, 14.17 

Exampfe 21 45 

^(+)-1,2,3,4-Tetrahydro-6-methyl-4-(3-nitropheny I )-2-th^ 1-methyiethyl 
Hl^tfryJethWeste^ 

Th'e reactionist £f * 3.7 mmoi, in methane! (18 mi)! 

hydrochloric acid and the mixture was cooled to 0°'rw Ifv h ' ^. PH W3S adjUSted t0 2 with etflereal 
filtration. Three further crops were ScSd th* mS r ^ e u resultin 9 solid « aa collected by 

(890/0). [a]D = +85= (e- OS ^SSSSSSS. ^ When COn * had aff ° rded 1/l2 9 

este^le^ «*t 1-methylethyi 
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the reaction stirred at room temperature for two hours. The mixture was then heated at 65° C for 16 hours. TLC 
35:65:acetone:hexane showed an incomplete reaction, so additional 4-methoxybenzyl chloride (0.5 eq, 1.3 
mmol, 176 was added to the mixture. After seven hours at 65°C, the mixture was allowed to come to room 
temperature and diluted with ether. As the mixture cooled to 0°C, a white solid formed. The solid was collected 
5 by suction filtration, washed with ether, and dried to afford ( + )-1,4-dihydro-2-[[(4-methoxyphenyl)methyl- 
]thio]-6-methyl-4-(3-nitrophenyl)-5-pyrimidinecarboxylic acid, 1-methylethyl ester hydrochloride, 493 mg 
(38o/o). 

C) 

10 ( + )-3 1 4-Dihydro-3-[(dimethylamino)carbonyl]-2-[[(4-methoxypheny!)methyl]thio]-6-methyl-4-(3-nitro 
nyi)-5-pyrimidinecarboxylic acid, 1-methylethyl ester 

The free base of ( + )-1,4-dihydro-2-[[(4-methoxyphenyl)methyl]thio]-6-methyl-4-(3-nitrophenyl)-5-pyrimid- 
inecarboxylic acid, 1-methylethyl ester hydrochloride was prepared by washing a dichloromethane solution 
with sodium bicarbonate. The organic layer was dried, filtered, and reduced in vacuo to afford a green foam. 

15 The foam (0.95 mmol, 431 mg) was dissolved in dry dichloromethane (4.8 ml) and triethylamine (5 eq, 4.75 
mmol) was added. 1.3M Phosgene in toluene (1.6 eq, 1.5 mmol, 662 u.1) was added dropwise to the mixture at 
0°C. After the addition was complete, the bath was removed, and the mixture stirred at room temperature. 
After 30 minutes, dimethylamine (excess, 0.95 ml) was added and the mixture stirred for 30 minutes. The 
reaction was diluted with ethyl acetate (50 ml) and washed with 1N hydrochloric acid (twice) and saturated 

20 sodium bicarbonate (twice). The organic layer was dried over magnesium sulfate, filtered and reduced in vacuo 
to afford an oil. Flash chromatography on 40 g silica (1 :2:ethyl acetate :hexanes), afforded pure product as an 
oil, 431 mg (86<Vb). 

D) 

25 ( + )-3-[(Dimethylamino)carbonyl]-1 ,2,3,4-tetrahydro-6-methyI-4-(3-nitrophenyl)-2-oxo-5-pyrimidinecarboxyiic 
acid, 1-methylethyl ester 

3-Chloroperoxybenzoic acid (3 eq, 2.5 mmol, 424 mg) was added to a solution of ( + )-3,4-dihydro-3-[(di- 
methylamino)carbonyl]-2-[[(4-m^ 

acid, 1-methylethyl ester in dry dichloromethane (8.2 ml) at 0°C under a nitrogen atmosphere. The reaction 
30 was stirred overnight at room temperature, and a precipitate formed. The mixture was diluted with ethyi 
acetate (15 mi) and washed with 1N hydrochloric acid (twice), 1N sodium hydroxide (twice) and water. The 
combined organic layers were dried over magnesium sulfate, filtered, and reduced in vacuo to afford an oil, 390 
mg. 

Flash chromatography on 39 g silica gel (2:1 :ethyl acetate :hexanes) afforded the product as an oil (433 mg). 
35 The oil was allowed to stand under ether for a 48 hour period, and was then triturated to produce a white 
crystalline solid, 254 mg (67%), melting point 153-155°C. [a] D = +112.5° (c-1.1, chloroform). 

Analysis Calc'd. for C18H22N4O6: 
C, 55.38; H, 5.68; N, 14.35 
Found: C, 55.32; H, 5.76; N, 14.00 

40 

Example 22 

3-(Aminocarbonyl)-1,2,3,4-tetrahydro-6-methyl-4-(3-nitrophenyl)-2-oxo-5-pyrimidinecarboxylic acid, 

1-methylethyl ester, (-h)-isomer 

45 The solution of [3(S)]-1,2,3,4-tetrahydro-6-methyl-4-(3-nitrophenyl)-2-oxo-3-[[(1-phenyIethyl)amino]carbo- 
nyl]-5-pyrimidinecarboxylic acid, 1-methylethyl ester, isomer B (1.7 g, 3.65 mmol; as in Example 14) in 
trifluoroacetic acid (10 ml) was heated at 75° C for 4 hours. The reaction was allowed to cool down to room 
temperature and the solvent was evaporated. The residue was dissolved in ethyl acetate and was washed with 
water, sodium bicarbonate and brine. It was dried over magnesium sulfate and evaporated to yield a yellow 

50 foam. Crystallization from isopropyl ether-ether provided a colorless solid (1.12 g). Recrystallization from 
isopropyl ether-dichloromethane provided the analytically pure 3~(aminocarbonyl)-1,2,3,4-tetrahydro- 
6-methyi-4-(3-nitrophenyl)-2-oxo-5- pyrimidinecarboxylic acid, 1-methyiethyi ester, ( + )-isomer (870 mg), 
melting point 160-161°C, [a]D = +153° (Wo in methanol). 
Analysis Calc'd. for C16H18N4O6: 

55 C, 53.03; H, 5.01; N, 15.47 

Found: C, 53.06; H, 5.01; N, 15.47 

Example 23 

60 S-tAminocarbonyO-I^.S^-tetrahydro-e-methyl^-fS-nitrophenyO^-oxo-S-pyrimidinecarboxylic acid, 

1-methyiethyl ester, (-)-isomer 

The solution of [Stsil-I^.S^-tetrahydro-e-methyl^-fS-nitrophenyO^-oxo-S-tKI-phenylethylJaminolcarbo- 
nyl]-5-pyrimidinecarboxylic acid, 1-methylethyl ester, isomer A (60 mg, 0.13 mmol; as in Example 14) in 
trifluoroacetic acid (10 ml) was heated at 75° C for 4 hours. The reaction was allowed to cool down to room 
65 temperature and the solvent was evaporated. The residue was dissolved in ethyl acetate and was washed with 
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water, sodium bicarbonate and brine. It was dried over magnesium sulfate and evaporated to yield a yellow 
foam. Crystallization from isopropyl ether-dichloromethane provided S-faminocarbonyD-I^.S^-tetrahydro- 
6-methyi-4-(3-nitrophenyl)-2HDxo-5-pyrimidinecarboxylic acid, 1-methy!ethyi ester, (-)-isomer (27 mg), melting 
point 160-161°C, [a] D = -149° (Wo in methanol). 

Analysis Calc'd. for Ci 6 Hi 8 N406: 
C, 53.03; H, 5.01 ; N, 15.47 
Found: C, 53.20; H, 5.12; N, 15.11 

Additional compounds falling within the scope of this invention are: 
4-(2,3-dichlorophenyl)-1,2,3,4-tetrah^ 
midinecarboxylic acid, ethyl ester 
1,2,3,4-tetrahydro-6-methyl-4-(2-n^^ 
inecarboxylic acid, ethyl ester. 

1,2,3,4-tetrahydro^-methyI-3^ ac i d> 

2- [(methyl)(phenyImethyl)amino]ethyl ester 

4- (7-benzofurazanyj)-1 4 2,3 ) 44etrahy 

5- pyrimidinecarboxyIic acid, ethyl ester 
1,2,3,4-tetrahydro-6-rTiethyl-4^ 

l]]amino]carbonyl]-2-oxo-5-pyrimldinecarboxync acid, ethyl ester 

3- [[(cyclohexyl)(methyl)amino]cato 

5-pyrimidinecarboxylic acid, ethyl ester ^ 
1 ,2 f 3,4-tetrahydro-6-methyl-3-[[(methyI) (phenyl) amino]carbonyl]-4-(3-nitrophenyl)-2-oxo-5-pyrimidinecar- 
boxylic acid, 1-(phenylmethyl)-4-piperidinyl ester 

4- (2-chforo-3-nitrophenyI)-1,2,3,4-tetrahyo^^^ 

5- pyrimidinecarboxylic acid, 1-diphenylmethyl-4-piperidinyl ester 

4- (2,3-dichiorophenyl)-1,2,3,4-tetrahydro^^ 

5- pyrimidinecarboxyiic acid, ethyi ester 

1,2,3,4-tetrahydro-6-methyl-4-(3-nitrop acid, 
1-methylethyl ester 

1,2A4-tetrahydro-6-methyW-{2-nitroph 
midinecarboxylic acid, ethyl ester 
1,2,3,4-tetrahydro-6-methyi-3-(N-morphoi^ 
acid, 2-[(methyl)(phenyimethyI)amino]ethyl ester 

4- (7-benzofurazanyI)-1,2,3,4-tetrahydro-6-me^ 

5- pyrimidinecarboxylic acid, ethyi ester 
1 ,2,3 t 4-tetrahydro-6-methy[-4<^^^ 

l]]amino]carbonyI]-2-thioxo-5-pyrimidinecarboxylic acid, ethyl ester 

3-[[(cycIohexyl)(methyI)amino]carbonyl]-1 J 2,3 I 4-tetrahydro-6-methyl-2-thioxo-4--[2-(triffuoromethyl)phenyl]- 

5-pyrimidinecarboxylic acid, ethyl ester 

1 ^S^-tetrahydro-e-methyl-S-^^ 

boxyiic acid, 1-(phenyImethyl)-4-piperidinyl ester 

1 -(2-chloro-3-nttrophenyI)-1 ,2,3,4-tetrahydro-6-methyI-3-[[(methyl) (1 -methylethyl) amino] carbony l]-2-thioxo- 
5-pyrimidinecarboxylic acid, 1-diphenyImethyl-4-piperidinyI ester 



Claims 

1 . A compound having the formula 




or such a compound in pharmaceutical^ acceptable salt form, wherein X is oxygen or sulfur; 

R is hydrogen, alkyl, cycloalkyl, aryi, or arylalkyl and Ri is hydrogen, alkyl, cycloalkyl, aryl, heterocyclo, 
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or halo substituted alkyl, or R and Ri taken together with the nitrogen atom to which they are attached are 
1-pyrrolidinyi, 1-piperidinyi, 1-azepinyl, 4-morpholinyl, 4-thiamorpholinyl, 1-piperazinyl, 4-alkyl- 1-piperazi- 
nyl, 4-aryialkyl-1-piperazinyl, 4-diarylalkyl-1-piperazinyl or 1-pyrrolidinyl, 1-piperidinyi, or 1-azelpinyl 
substituted with alkyl, alkoxy, aikylthio, halo, trifluoro methyl or hydroxy; 
R2 is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, 



or halo substituted alkyl ; 

R4 is heterocyclo, phenyl, or phenyl substituted with one, two or three alkyl, halo, nitro, cyano, amino, 

dialkylamino, trifluoromethyl, isothiocyanato or isocyanato groups; 

Rs and R6 are each independently hydrogen, alkyl, -(Chtejq-aryl or -(Chtejq-cycloalkyl; 

Y1 is cycloalkyl, aryl, heterocyclo, hydroxyl, alkoxy, aryl-(CH 2 )in-0-, mercapto, aikylthio, aryl-(CH 2 )m-S-, 

amino, substituted amino, carbamoyl, (substituted amino)- c- f heterocyclo-(CH2)m- c -, carboxyl, 

aikoxycarbonyl, alkyl- 1 -, aryI-(CH 2 ) m - c alkyl- l-0-oraryi-(CH 2 ) m -I-0-; 

o o 

Y2 is cycloalkyl, aryl, heterocyclo, carbamoyl, (substituted amino)- c 1 -, carboxyl, aikoxycarbonyl, alkyl- c -, 
o cj 

aryl-(CH 2 )m- c-orheterocyclo-(CH 2 ) m - c-; 

0 

Y3 is hydroxyl, alkoxy, aryl-(CH2)m-0-, mercapto, aikylthio, aryl-(CH2)m-S- 1 alkyl- C-0-, 
o 

aryl-(CH2)m- h -0-, amino, or substituted amino; 

qis0,1,2or3; 

m is 0 or an integer of 1 to 6; 

n is 0 or an integer of 1 to 5; and 

p is an integer of 1 to 5. 

2. A compound in accordance with claim 1 wherein X is oxygen. 

3. A compound in accordance with claim 1 wherein X is sulfur. 

4. A compound in accordance with claim 1 wherein R2 is alkyl. 

5. A compound in accordance with claim 2 wherein R3 is alkyl. 

6. A compound in accordance with claim 1 wherein R4 is 3-nitrophenyl. 

7. A compound in accordance with claim 1 wherein R4 is 2,1 ,3-benzoxadiazol-4-yi. 

8. A compound in accordance with claim 1 wherein R is hydrogen, alkyl, aryl, or arylalkyl and R1 is alkyl, 
aryl or arylalkyl. 

9. A compound in accordance with claim 1 wherein R and R1 taken together with the nitrogen atom to 
which they are attached are 1-pyrrolidinyl, 1-piperidinyl, 1-azepinyl, 4-morpholinyl, 4-thiamorpholinyl, 
1-piperazinyl, 4-alkyM-piperazinyl, 4-arylalkyl-1-piperazinyl, 4-diarylalkyl-1-piperazinyl or 1-pyrrolidinyl, 
1-piperidinyl, or 1-azeipinyl substituted with alkyl, alkoxy, aikylthio, halo, trifluoromethyl or hydroxy. 

10. A compound in accordance with claim 1 wherein R and R1 are each alkyl. 

11. A compound in accordance with claim 1 wherein X is sulfur, R 2 is methyl, R3 is ethyl and R4 is 




or halo substituted alkyl; 

R3 is hydrogen, alkyl, cycloalkyl, aryl, heterocyclo, 
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3-nitrophenyI. 

12. The compound in accordance with claim 1 B 3-(aminocarbonyI)-1 ,2,3,4-tetrahydro-6-methyl-4-(3-nitro- 
phenyl) -2-oxo-pyrimidinecarboxyiic acid, 1-methylethyl ester. 

13. The nonracemic form of the compound of ciaim 12 having a negative optical rotation. 

14. Use of a compound in the preparation of a medicament for lowering blood pressure in a mammalian 
host, said compound being a compound having the formula 




C-OEL. 



or a pharmaceutical^ acceptable salt thereof wherein X is oxygen or sulfur; 

R is hydrogen, alkyl, cycloalkyl, aryl, or arylaikyl and Ri is hydrogen, alkyl, cycloalkyl, aryl, heterocycio, 



-f-< c ViT Y 2' T (CH 2 ) p- Y 3 



R, 



or halo substituted alkyl, or R and Ri taken together with the nitrogen atom to which they are attached are 
1-pyrrolidinyi, 1-piperidinyl, 1-azepinyl, 4-morpholinyl, 4-thiamorphoIinyI, 1-piperazinyl, 4-a!kyI-1-piperazi- 
nyl, 4-arylalkyM-piperazinyl, 4-diaryIalky!-1-piperazinyl or 1-pyrrolidinyl, 1-piperidinyl, or 1-azeipinyl 
substituted with alkyl, alkoxy, alkylthio, halo, trifluoromethyl or hydroxy; 
R2 is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, 



R- 



or halo substituted alkyl ; 

R3 is hydrogen, alkyl, cycloalkyl, aryl, heterocycio, 



or halo substituted alkyl; 
R4 is aryl or heterocycio; 

R5 and R6 are each independently hydrogen, alkyl, -(CH2)q-aryl or -(CHteJq-cycloalkyI; 

Y1 is cycloalkyl, aryl, heterocycio, hydroxyl, alkoxy, aryl-(CH2)m-0-, mercapto, alkylthio, aryl-(CH2)m-S-, 



iino)-E-, heterocyclo-(CH2) m -l-, carboxyl, 

o o 
alkoxycarbonyl, alkyl- aryI-(CH2)m- c- alkyl- c-O- or aryl-(CH2)m- c-O-; 



amino, substituted amino, carbamoyl, (substituted amino) 
o 



Y2 is cycloalkyl, aryl, heterocycio, carbamoyl, (substituted amino)- c -, carboxyl, alkoxycarbonyl, alkyl- c-, 
o 

aryI-(CH2)m- c - or heterocycio-{CH2)m- i 



Y3 is hydroxyl, alkoxy, aryl-(CH2)m-0-, mercapto, alkylthio, aryl-(CH2)m-S- alkyl- fc-O-, 
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aryl-(CH2)m- ci-O-, amino, or substituted amino; 

qisO, 1, 2or3; 

m is 0 or an integer of 1 to 6; 

n is 0 or an integer of 1 to 5; and 

pis an integer of 1 to 5. 

15. A pharmaceutical composition useful for the treatment of coronary disease comprising an effective 
amount of a compound having the formula 




or a pharmaceutical^ acceptable salt thereof wherein X is oxygen or sulfur; 

R is hydrogen, alkyl, cycloalkyl, aryl, or arylaikyl and Ri Is hydrogen, alkyl, cycloalkyl, aryl, heterocyclo, 



-J- 



i-(CH 2 ) n -I 2 , -j:-(CH 2 ) p -Y3 



or halo substituted alkyl, or R and Ri taken together with the nitrogen atom to which they are attached are 
1-pyrrolidinyl, 1-piperidinyl, 1-azepinyl, 4-morpholinyl, 4-thiamorpholinyl, 1-piperazinyl, 4-alkyl-1-piperazi- 
nyl, 4-arylalkyI-1-piperazinyl, 4-diarylalkyM-piperazinyl or 1-pyrrolidinyl, 1-piperidinyl, or 1-azeipinyl 
substituted with alkyl, alkoxy, alkylthio, halo, trifluoromethyl or hydroxy; 
R2 is hydrogen, alkyl, alkenyl, alkynyi, cycloalkyl, aryl, 

-f ! t CH 2>n- Y l< 
R, 



or halo substituted alkyl ; 

R3 is hydrogen, alkyl, cycloalkyl, aryl, heterocyclo, 



R 5 R 5 

-c-(CE 2 ) n -Y 2 , -C-(CH 2 ) p -Y 3 , 
R 6 R 6 



or halo substituted alkyl; 
R4 is aryl or heterocyclo; 

Rs and R6 are each independently hydrogen, alkyl, -(CH2)q-aryl or-(CH2) q -cycloalkyl; 

Y1 is cycloalkyl, aryl, heterocyclo, hydroxyl, alkoxy, aryl-(CH2)m-0-, mercapto, alkylthio, aryl-(CH2) m -S-, 

? o 
amino, substituted amino, carbamoyl, (substituted amino)- c-, heterocyclo-(CH2)m- c carboxyl, 

alkoxycarbonyl, alkyl- c -, aryl-(CH2)m- i: alkyl- 1 -O- or aryl-(CH2)m- -O-; 

I? ?\ 
Y2 is cycloalkyl, aryl, heterocyclo, carbamoyl, (substituted amino)- c carboxyl, alkoxycarbonyl, alkyl- c 

o o 
aryl-(CH2)m- c-orheterocyclo-(CH2)m- t -; 
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Y3 is hydroxy!, alkoxy, aryi-(CH2) m -0-, mercapto, alkylthio, aryI-(CH2)m-S-, alkyf-c-O- 
o 

aryI-(CH2)m- c -O- amino, or substituted amino; 

qfs0 9 1,2or3; 

m is 0 or an integer of 1 to 6; 

n is 0 or an Integer of 1 to 5; and 

p is an integer of 1 to 5, 

and a pharmaceutical^ acceptable carrier therefor. 
16. A process for preparing a compound having the formula 



C-OR 3 



R 2 



which comprises deprotecting the corresponding compound having the formula 





wherein X is oxygen or sulfur; 

R is hydrogen, alkyl, cycloalkyl, aryl, or arylalkyl and Ri is hydrogen, alkyl, cycloalkyl, aryl, heterocyclo, 
R- E- 

-C- ( Y -V C7J Y -V 

7 ^-*2'n ~2' V 2 t=> ~ 3 

or halo substituted alkyl, or R and Ri taken together with the nitrogen atom to which they are attached are 
1-pyrroIidinyI, 1-piperidinyl, 1-azepinyI, 4-morphoIinyl, 4-thiamorpholinyi, 1-piperazinyl, 4-alkyH-piperazi- 
nyl, 4-aryfaikyl-l-piperazinyi, 4-diarylalkyM-piperazinyl or 1-pyrroltdinyl, 1-piperidinyi, or 1-azeipinyl 
substituted with alkyl, alkoxy, alkylthio, halo, trifluoromethyl or hydroxy; 
R2 is hydrogen, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, 
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R 5 

4-< CH 2>n- Y l' 



, or halo substituted alkyl; 

R3 is hydrogen, alkyl, cycloalkyl, aryl, heterocyclo, 



R 5 R 5 
-J:-(CH 2 ) n -Y 2 , -C-(CH 2 ) p -Y 3J 

R 6 R 6 



, or halo substituted alkyl; 

R4 is heterocyclo, phenyl, or phenyl substituted with one, two or three alkyl, halo, nitro, cyano, amino, 
dialkylamino, trifluoromethyl, isothiocyanato or isocyanato groups; 
Rs and Re are each independently hydrogen, alkyl, -(CH2)q-aryl or -(Chtejq-cycloalkyl; 
Y1 is cycloalkyl, aryl, heterocyclo, hydroxyl, aikoxy, aryl-(CH2)m-0-, rnercapto, alkylthio, aryl-(CH2)m-S-, 

0 * o 

amino, substituted amino, carbamoyl, (substituted amino)- c- heterocyclo-(CH2)m- c-, carboxyl, 

°\ ° ?\ o 

aikoxycarbonyl, alkyl- c-, aryl-(CH2)m- c -, alkyl- c-0-oraryl-(CH2)m- c-O-; 

Y2 is cycloalkyl, aryl, heterocyclo, carbamoyl, (substituted amino)- carboxyl, aikoxycarbonyl, alkyl- c- 
00 

aryl-(CH2)m- c-orheterocyclo-(CH2)nrr c -; 

Y 3 is hydroxyl, aikoxy, aryl-(CH 2 )m-0-, rnercapto, alkylthio, aryi-(CH 2 )iri-S-, alkyl- c-O-, 
o 

aryi-(CH2)m- ^ -O-, amino, or substituted amino; 

qisO, 1,2or3; 

m is 0 or an integer of 1 to 6; 

n is 0 or an integer of 1 to 5 ; and 

pis an integer of 1 to 5. 

17. A process in accordance with claim 16 wherein X is oxygen. 

1 8. A process in accordance with claim 16 wherein X is sulfur. 

19. A process in accordance with claim 16 wherein R2 is alkyl. 

20. A process in accordance with claim 16 wherein R3 is alkyl. 

21 . A process in accordance with claim 16 wherein R4 is 3-nitrophenyl 

22. A process in accordance with claim 16 wherein R4 is 2,1,3-benzoxadiazol-4-yl. 

23. A process in accordance with claim 16 wherein R is hydrogen, alkyl, aryl, or arylalkyl and R1 is alkyl, 
aryl or arylalkyl. 

24. A process in accordance with claim 16 wherein R and R1 taken together with the nitrogen atom to 
which they are attached are 1-pyrrolidinyl, 1-piperidinyi, 1-azepinyI, 4-morpholinyl, 4-thiamorpholinyl, 
1-piperazinyl, 4-alkyl-1-piperazinyi, 4-arylalkyl-1-piperazinyl, 4-diarylaikyl-1-piperazinyl or 1-pyrrolidinyl, 
1-piperidinyl, or 1-azeipinyl substituted with alkyl, aikoxy, alkylthio, halo, trifluoromethyl or hydroxy. 

25. A process in accordance with claim 16 wherein the compound prepared is 3-(aminocarbo- 
nyl)-1 ,2,3,4-tetrahydro-6-methyl-4-(3-nitrophenyl)-2-oxo-5-pyrimidinecarboxylic acid, 1-methylethyl ester. 

26. A process in accordance with claim 16 wherein the compound prepared is the nonracemic form of 
3-(aminocarbonyl)-1,2,3,44etrahydro-6-methyl-4-(3-nitrophenyI)-2-oxo-5-pyrimidinecarboxyiic acid, 
1-methyiethyl ester, having a negative optica! rotation. 
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